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Abstract. Shark has been a sought-after species by fishermen due to its high economic
value in the International market. It has increased shark's fishing pressure on its wild
population. Local fishermen are more likely to catch a grey reef shark rather than other
fish commodities. The present study aimed to describe the length and weight
relationships (LWRs), growth pattern, and sex ratio of Grey Reef Shark shark
Carcharhinus amblyrhynchos (Bleeker, 1856) caught in Makassar Strait. Sampling was
conducted from September to November 2019. The results showed that the total length
of sharks caught ranged between 18 e¢m - 235 ¢m and weight between 1 kg - 120 kg. The
growth pattern of the graceful shark was negative allometric growth, and the relative
condition factors for males and females were 0.3131 - 2.4813 and 0.2965 - 1.6244,
respectively. The sex ratio between males and females was 1:1.33.

1. Introduction

Sharks belong to the elasmobranch group, which identifies as cartilaginous fish. This group of fish is
known to have high diversity, a total of 75 species of sharks distributed from freshwater waters to sea
waters in Indonesia. Fishing pressure on shark species has been increasing over the past two decades. At
least 10 million sharks caught in Indonesia are taken from the wild, as reported by Indonesia's World
Wide Fund for Nature (WWEF) [1].

Shark has been a sought-after species by fishermen due to its high economic value. Several countries
such as Hong Kong, China, Japan, Taiwan, and Singapore have been exported destinations for shark
commodities. Shark e t commodity is divided into several products, such as fins, meat, bones, skin,
liver oil, and teeth [2]. Almost all parts of the shark's body are valuable. It encourages fishermen to further
exploiting the wild shark leading to overfished due to unsustainable fishin@ractices.

In order to understand the current state of wild shark, especially Grey Reef Shark Carcharhinus
amblyrhynchos( Bleeker, 1856) in Makassar Stffdit, a study on fish biology and sustainable biological
resources management is required. The present study aimed to describe the length-weight relationships
(LWRs), growth pattern, sex ratio, and feeding habit of Grey Reef Shark Carcharhinus amblyrhynchos
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(Bleeker, 1850) in Makassar Strait. Furthermore, this study supports the National Action Plan for Shark
and Stingray Conservation Management or "Rencana Aksi Nasional" (RAN) in 2016-2020.

2. Research methodology

This study was conducted from September to November 2019 in Makassar Strait. A descriptive method
with observation techniques (direct observation) was performed for dfffcollection. Sampling was carried
out using long-line fishing gear and gill net for three times a week, a total of 345 specimens were used
during the study period. The fish samples were collected, kept alive and intact for direct biometric
measurements. Data were collected on the total length, weight, and sex of the Grey Reef Shark. The
biometric measurements for total length were used length measuring tools@Bvith a degree
of precision is 1 cm, and hanging weight scale with the degree of precision is 1 kg. The length and weight
data were used in the length-weight relationships (LWRs) and growth pattern analysis. The data on the sex
of shark was used for sex ratio.

3. Data analysis
3.1. Length-weight relationships (LWRs) and growth pattern
The log transformation formula was used to establishLWRs according to Hetty et,al., (2018) [3] as
follows:

W=aL" orlogW=1loga+ logbL (D
Where: W = the body weight (g); L = the standard body length (ecm); a = the intercept; and b = the slope

The isometric shark growth pattern when b = 3, i.e., balanced length and weight gain, and allometric
growth pattern if b # 3, i.e., increase in length and weight is not balanced. If the value of b> 3, then the
pattern of allometric growth is positive and negative if b <3 is tested t (p> 0.03).

3.2. Relative condition factor (K,)
The weight gain is not as fast as their length, or length-weight relationship is allometric, the condition
factor was calculated using the Froese equation [4] as follows:
Cr = (Wb/aL") or CF=Wb/W*, (2)
Wh = (WI1+W2+W3+.Wn)/n, dan @q I, 3)

Where: W = mean fish weight (gram) within length class, L = mean fish length (cm) within length class.

@3 Sex ratio
Sex ratio was calculated using the equation below:

NK = g—é (4)

Where: NK = sex ratio, . J = number of male sharks (samples), 3B = number of female sharks (samples)

To find out the sex ratio hE§ween male and female fish at each sampling time is equal to 1.00: 1.00 or not,
we use the chi-square test arranged in the form of a contingency table [5].

(5]
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Eij = o= (5)

n

Where: Eij = expected theoretical frequency to occur, nio = number of lines to i, noj = number of column
to j, n = number of frequency from the value of observation.

_ wk Oi-Ei
X2 =3, % (©)
Where: Oi = value which appears as observation result for male and female, Ei = value which expected to
male and female fish

4. Results and discussion

4.1. Number of sharks caught during the study period

A total of 345 specimens was comprising of 148 males and 197 females. The total length of the Grey Reef
Shark caught ranged from 18 cm to 235 cm, and the total weight of Grey Reef Shark ranged from 1 kg to
120 kg. The total length of the grey reef shark in Oeba Fish Landing (PPI) ranged from 30 cm to 73 cm
[6]. In addition, the total length of the grey reef shark caught using the hand-line fishing technique ranged
from 60 to 180 cm [7] and 55 cm - 261 ¢m [3]. The size of baby shark of 18 c¢m, according to White et al.
(2006), male and female grey reef sharks in the length of 104—115 cm and baby shark size between 52 and
55 cm [8]. The type of fishing gear, fishing capacity, and fishing grounds. In general, traditional fishermen
catch fish in areas with relatively shallow depths.

4.2. Lengih-weight relationships (LWRs)

The LWRs of sharks are used to describe fish growth patterns. This relationship can be estimated through
the tendency of the distribution of length-weight data obtafffid based on the measurement of the total
shark length. The LWRs analysis showed that the LWRs has the equation Log W = 1,646 + 1,730 log L or
in the form of an exponential is W = 1,646 L1.730 the value of determination (R2) = 0.808 and the
correlation value (r) = 0.899.

2.5000 -
2.0000 y=1.646 L 1.730
= 1.5000 - R? = 0.8081 "
&
= 1.0000 -
0.5000
0.0000 ‘ . .
0.0000 05000  1.0000  1.5000  2.0000  2.5000
log L

Figure 1. Length-weight grey reef Sharks Carcharhinus amblyriynchos (Bleeker,1856).
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In generalffe LWRs of sharks had a very close relationship (correlation coefficient value (r) close to
one), meaning that the total length of the fish body could determine the bodyweight with the lowest lev)
of confidence of 95%. After the T-test (a = 0.05) in male and female fish and total Grey Reef Shark have a
negative allometric growth pattern (Table 1) where the value of b <3, which means that the weight growth
is over-dominant compared to the increase of length.

Table 1. Length-weight relationships of grey reef Shark Carcharhinus amblyriivnchos (Bleeker, 1856).

Sex Length-weight equations R’ r Growth pattern
Male 1,639 L 0,782 0,884 negative allometric
Female 1,652 L™ 0,822 0,907 negative allometric
Total 1,646 L7 0,808 0,899 negative allometric

[Bhe assessment of LWRs (Table 1) showed that the value of the shark b is 1.65 (negative allometric). This
indicates that the weight gain of fish is faster than the length of the fish. In terms of the agreement, for
instance, Lowry et al. (2009) reported negative allometric growth patterns in the Grey Reef Shark [9].
Similarly, Noemie and Eric (2018) reported negative allometric growth patterns in the Grey Reef Pattern.
This finding indicated that the wild grey reef shark currently obtflifed considerable fishing pressure by the
fishermeil0]. This condition was further considered to affect the length and weight of the fish [11]. In
addition, fish growth is influenced by biological factors (gonad growth and sex), environment (adequate
food and environmental factors), and conservation techniques as well as differences in observation time of
the captured specimens [12].

4.3. Relative condition factor (K,)

Relative dffildition factor of grey reef shark ranged from 0.3131 - 2.4813 (male) and 0.2965 - 1.6244
(female). The relative condition factor of female fish is smaller than male fish. It indicates that the
condition of male fish is better than female fish over the whole year. The lowest value of the condition
factor or <1 obtained from the shark offspring (neonates) and juvenile, while the condition factor value> 1
is found in adult sharks. The relative condition factor of male sharks raﬂd from 0.206 to 2.225, and
females ranged from 0.237 to 3.3361 [13]. The condition factor of Halmahera bamboo shark
(Hemiscyllium halmahera) in Kao Bay, North Halmahera of 1.098, shows that the sharks are in good
condition [14]. Fish with less flat or cufficeous bodies have condition factor values ranging from 1-3. The
difference in condition factor values is influenced by population density, gonad maturity level, food, sex,
and age of fish [15].

4.4. Sex ratio
The Grey Reef Shark caught during the study periods consisted of 148 males and 197 females. Total

distribution and sex ratio obtained during the sampling periods provided in table 1.

Table 2. Total distribution per Individual of Grey Reef Shark obtained during the data collection period.

Sampling Periods Total distribution Ratio
Male Female Male Female
September 33 48 1.00 1.45
October 54 61 1.00 1.13
November 61 88 1.00 1.44
Total 148 197 1.00 1.33
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The sex ratio of male and female Grey Reef sharks obtaiff from Makassar Strait tends to approach
balanced condition of 1.00: 1.33. This is proven that the number of male and female do not have a
significant difference in terms of the total number of fish. The comparison of sex ratio using the Chi-
square test suggests a balanced result (not significantly different) at 95% confidence interval [X2 count
(0.99) <table (db = 2-1) (7.82)]. Based on the number of catches, the female shark is caught more than the
male shark. According to Muslih et, al., (2016) states that if a population has more female composition or
is equal to the number of males, then the population is still in the ideal category [16]. In addition, a sex
ratio offffle grey reef shark is 1: 1 [6], and this finding does not look much different from the catch [5],
where the sex ratio of male and female grey reef sharks is 1.00: 1.91. The sex ratio in the wild is not
absolute but is influenced by the distribution patterns caused by food availability, population density, and
food chain balance [15]. Sex ratio is one of the important parameters to be studied to understand the
reproductive biology of fish [17].

5. Ebnclusions

1. The growth pattern of the Grey Reef Shark is negative allometric.

2. (e relative condition factor of Grey Reef Shark is in good condition and stable.

3. The sex ratio of males and females of the Grey Reef Shark is close to the balance condition.
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